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INTRODUCT I ON

In 1984, Fisheries Aasistance Office (FAD) Olympia began a study
of juvenile coho sa!mon passage survival at the Elwha River dams.
Results of this work were intended for use in a larger effort
aimed at restoring anadromous saimonids to the upper Elwha River
basin. The FAO passage study incorporated both short- and tong-

term estimation of coho passage survival. The short-term
estimate was intended for immediate use in project planning,
while the iong-term estimate was intended to evaluate any latent

mortality due to dam passage and also serve as a check on short-
term estimation methods.

An FAO report by Wunderlich and Diiley (1985) described in detail
the short-term mortality study as well as initiation of the long~
term survival study based on coded-wire tagging (CWT). Briefly,
four test groups of marked (freeze-branded) coho smolts were
released in Lake Mills over the spring outmigration in 1284
(Figure 1). Eight control groups of marked coho smolts were also
released beiow the Elwha Dam on a weekly basis over the
cutmigration period. Test and control groups were recaptured one
and one ha!f river miles downstream of Elwha Dam in an inciined
plane scoop trap. Recapture rates of control groups were used to
define trap efficiency, which in turn was used to estimate short-
term survival of test groups passing the Eiwha dams .
Additionally, each test group and four of the control groups were
uniquely coded-wire tagged for purposes of estimating long-term
survival upcn recovery in the 1985 coho fisheries and the F£iwha
River hatcheries.

This report evaluates CWT recovery data from those tag returns,
provides long-term survival estimates based on CWT data, and
compares long-term survival estimates to original short-term
estimates developed in smolt trapping studies of the same groups
in 1984. Because fina! reporting and verification of marine tag
recoveries of coho require nearly two years, this analysis was
only recently possible.




METHODS

Final recovery data from the eight CWT test and control groups
released in the 1984 FAO study (Wunderlich and Dilley 1985) were
acquired from Pacific Marine Fisheries Commission (PMFC), which
collates and organizes such data on the Pacific Coast. | also
acquired recovery data for three <coincidental releases of coded~-
wire tagged coho released from the Eiwha Tribal Hatchery in 1984.

The latter tag groups were of the same stock and broocd as test
and control groups and were released by the Elwha Tribe te
evaluate the effects of time and size of release on survival.
They provided additional perspective on marine survival and
distribution of Elwha hatchery coho from this brood year . The
Appendix of this report contains a complete listing of the
detailed recovery data obtained for all tag groups.

Because only a portion of coastwide saimon landings are wusualiy
sampled, actual (observed) mark recoveries of Elwha study groups
were expanded by the inverse of the sampling rate to estimate the
total marked catch. Catch expansion factors varied from fishery
to fishery, and were developed and applied by the recovery
agencies on the Pacific Coast involved in fishery sampling.
Stohr and McGowan (1987) describe the methods used by Washington
Department of Fisheries to expand the 1985 saimon catches in
Washington waters; other recovery agencies employed similar
expansion methodologies. Expanded catch data used in this
analysis therefore represent a summation of catch expansions as
supplied to PMFC by the various recovery agencies in 1986 .
Principal recovery agencies for the Elwha study groups were the
Washington treaty tribes, Washington Department of Fisheries,
Oregon Department of Fish and Wildiife, and Canada Department of
Fisheries and Oceans.

Absolute survival rates for the Elwha CWT groups were computed by
dividing total expanded recoveries, as recorded by PMFC, by the
size of the release group after adjustment for tag toss . Tag
foss was estimated in 1984 from a standard 300-fish samplie of
each group taken approximately 6 weeks after tagging and at least
3 weeks before release. Sampling in this time period allowed for
maximum tag loss, yet minimized handling stress associated with
sampling near-smolt coho yearlings.

Initial study plans called for comparing absolute survival rates
of each CWT test/control pair to arrive at a relative survival
rate for esach CWT test group. However, substantial differences
in emigration timing among the initial test releases in Lake
Mitls required modification of this approach. As described in
Wunderiich and Diliey (1985), hereinafter referred te as the
"scoop trap" evaluation, migration of initial test release groups
was delayed up to 20 days by lack of spill at Glines Canyon Dam
in late April and early May of 1984 (Figure 21}. Delayed
springtime saltwater entry is known to positively affect survival
of <coho smolts in Puget Sound and coastal Washington  hatcheries




(Paul Seidel, Washington Department of Fisheries, personal
communication; Anonymous, 1983), and observed survival rates of
Elwha control and time/size groups reflect this phenomenon (Table
1. The substantial delay experienced by initial test releases
in Lake Mills, however, influenced survival to the extent that
highly anomalous paired comparisons resulted ¢ 2 150% relative
passage survival for certain test relsases). To account for this
effect, only control releases that closely matched outmigrant
timing of the test releases were used as a basis te calculate
relative passage survival. The «criterion for matching test and
control outmigration was median recovery date at the scoop trap.
As Figure 2 illustrates, median recovery date of the four test
groups ranged from about 5/26 to 6/14 at the scoop trap. Because
median contre! group recovery at the scoop trap occurred oniy 1-2
days after each release, only control group 4 (release date
5§/29) approximated outmigration timing of the test groups. This
group was therefore used as a basis for computing relative
survival of all test groups.

Following selection of an appropriate CWT control as described
above (control group 4), relative survival rates of CWT test
groups were computed by dividing percent survival of expanded
test recoveries by percent survival of expanded control
recoveries. Statistical significance of relative differences in
cwT survival (test wvs. control) was evaluated with the
methodology of Newman (1987).

The CWT recovery data were also evaluated for differences in
marine recovery distribution which could affect recovery rates.
Detailed recovery data {Appendix) were examined for anomalous
time or size of catch. Additionaliy, the test groups
Cindividually and in aggregate), control group 4, a&and Elwha
Hatchery time/size group 3, were evaluated for differences in
recovery distribution with a standard chi-square analysis.
Time/size group 3 was included in this comparison because of its
similar release timing (eariy June) and the assumption that it
should display a simitar catch distribution to that of the
passage study groups, and thus serve as an additional reference
point.

Size at recovery for ali CWT groups was alsc examined to evalusate
possible effects of dam passage on adult length. For this
purpose, mean lengths at recovery for individual release groups
were aextracted from the PMFC data set and then arrayed by release
location and release date. Size-at-recovery data were then
evaluated qualitatively, as individuali recovery lengths were not
availablte from PMFC for statistical analysis.




RESULTS AND DISCUSSION

Comparison of short- and long-term survival rate estimates based

on scoop trapping and coded-wire tagging, respectively,
indicates generally close agreement between the two estimation
methods (Table 2). With the exception of test g¢group no. 3.,
individuai group estimates vary less than a percent, and combined
group estimates are within several percentage points. I cannot
explain the relatively greater difference for test group no. 3.
Notwithstanding this difference, overail agreement between the

methods is high, suggesting that latent passage mortality was not
significant.

Relative differences of CWT test and control groups, upon which
the Table 2 estimates are based, were not significant at the 0.05
level, according to the methodology of Newman (1987). The
difference in survival between test groups 1-4 and control group
4 (which yietded the 87.3% relative survival estimate in Table
2) was oniy significant at approximately the 80% confidence level
tz = 0.97). Other differances were less significant. This
particular statistical technique (Newman 1987), which was not
avaitable during study planning, is probably more conservative
than other statistical techniques not expressliy developed for CWT
evaluations, however (Richard Comstock, FAO, personal
communication). The relatively small tag group sizes wused in
this evaluation possibty contributed to the lower statistical
significance achieved. The number of observed recoveries per tag
group was, however, within the recommendations of de Libero
(1986) for general coded-wire tagging applications.

Examination of coded-wire tag recovery distributions suggested
that passage test and control groups were equally susceptiblie to
the various marine fisheries, thus survival differences between
test and control groups should reflect dam passage losses. Chi~-
square tests for differences in recovery distributions among the
various passage test, control, and hatchery time/size groups were
not significant (P<0.05), Figure 3 illustrates the similarity in
distribution of the various groups in the major recovery areas in
1985

Absolute rates of survival for most passage study groups were
higher than expected for E!wha stock (Table 1}, but may be

explained, at least in part, by differences in tagging and
holding procedures. FAO file data indicate that tagging of Elwha
Hatchery time/size groups (whose survival more closely
approximaeted the expected survival of Elwha hatchery stock)
occurred in September 1983 using fish held in outside raceways.
After tagging, the time/size fish were held in c¢ircular tanks
until release, and release occurred via the hatchery outfall. In

contrast, the FAQO passage study groups were seined from an
earthen pond in February 1984, coded-wire tapged and branded, and
then held in net pens in another earthen pond until outplanting
via tank truck. Thus, FAO passage study fish were procured and




held differently than the time/size fish, and this may account
for the observed differences in survival, Because of these
potential influences on long-term survival, considerable care was
taken to treat all FAO passage study groups jdentically until
release.

Examination of CWT group lengths (lengths at recovery) in
relation te release timing suggested that later emigration
reduces recovery size, and this reduced size may be an additional
impact related to dam passage. Tabie 3 shows overali mean length
at vrecovery of the various CWT groups, arrayed in order of
reiease. Test, <control, and time/size groups show a distinct
decline in mean recovery length with later release date. This
phenomenon is consistent with several other investigations,
including Wynoochee Dam passage studies {Dunn 1978) and
Washington Department of Fisheries' coastal hatchery evaluations
(Bill Hopiey, Washington Department of Fisheries, personal
communication). This phenomenon is believed due to a reduced
period of early marine growth among later releases. As the FAO
test groups emigrated from the Eiwha in their order of release in
1984, despite a known delay (Figure 1), the declining iengths of

these groups would still reflect a progressive lack of early
marine growth. Further, migrational delay caused by lack of
spill at Glines Canyon Dam evidently reduced the lengths of the

test groups, as a whole, compared to control! and time/size groups
{Table 3).

A potential influence on CWT-based survival estimates was the
loss, during hatchery holtding, of portions of two control groups.
This loss, however, is not believed toc be of consequence in study

results. As Table 1 shows, shortages in control groups 1 and 4
were detected on their respective release dates. These shortages
resulted from tears due to routine clieaning of holding pen mesh
material. Fish iost in this manner had access to the E!wha River
via the hatchery outfail near river mile 0.5 and, therefore,
pessibly emigrated prior to their scheduled planting date. In
the case of control group 1, this may partially exptain its
relatively poor survival (0.75%). Recovery data from control
group 1 were not used for survival calcufations, however . In
contrast, control group 4 was the basis for CWT passage survival
estimates, but it exhibited both survival and size-at-retavery
values consistent with other control groups, and those values
appeared inherently reasonable. Nonetheless, assuming that

17.7% of group 4 (the total loss noted in Table 1) sSurvived at a
conservative rate of only 3.5% due to earlier emigration from the
earthen pond, recalculated CWT survival e¢estimates would still be
similar to those presented in Table 2. Under these circumstances,
for example, relative survival of all CWT test groups combined
would be reduced to 83.1% compared to the table value of 87.3%.
This lesser vatue (B3 _1%) is stili in close agreement with the
corresponding scoop trap estimate in Table 2.




SUMMARY

This report compares short- and long-term surviva) estimates for
coho smolts passing the Elwha River dams in 1984 . Short-term
survival estimates were based on scoop trap estimates of test
groups passing the Eiwha dams, and thus represent smolt survival
through these structures. Long-term survival estimates, on the
other hand, were independently computed using adult CWT recovery
data for those identical groups, and thus are a measure of long-
term survival of smolts passing the Elwha dams. Adult lengths at
recovery in the CWT data base were a2lso examined to identify
passage-related effects on size of fish contributed to the
fisheries or recovered at the hatchery racks.

The principal findings from this analysis were:

1) Overall agreement between the two dam-survival
estimates was good. Individual test group survivals
ranged from about 78% to 94% for each method, whifte the
overatil means were 85% and 87% for short-term and long-

term survival estimates, respactively. Loss of a
portien of the coded-wire tag control may have siightly
elevated the CWT-based survival estimates. There was

no evidence of significant latent mortality for coho
smolts passing the Elwha dams, however.

2) Short-term, scoop-trap based estimates of passage
survival at the Elwha dams appear to yleld wuseful
estimates of long-term coho survival, and may e!liminate
the need for further CWT estimates of dam passage
mortality.

3) Delay in outmigration, such as occurred at Glines
Canyon Dam in 1984, evidently caused a decrease in
adult size at recovery. Such smaliler adult size i 8
believed due to a period of reduced early marine
growth. This loass in adu!t size is an additional
potential impact associated with Glines Canyon Dam when
prolonged lack of spill deiays outmigration.
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Figure 3. Percent recovery of Elwha coded-wire tag coho in 18 principal
recovery areas in 1985. Test groups 1-4, control group 4, and
Elwha Hatchery time/size group 3 are shown. Recovery areas are:
1- Oregon ocean troll; 2- Oregon ocean sport; 3- Washington ocean
troll; 4- Puget Sound sport; 5- Washington coastal net; 6- Puget
Sound net; 7- Washington ocean sport (charterboat); 8- Washington
ocean sport (kickerboat); 9- Washington ocean Indian troll; 10-
Elwha Hatchery; 11 N.W. Vancouver Island troll; 12 S.W. Vancouver
Island troll; 13- Juan de Fuca net; 14- Georgia Strait sport; 15-
Georgia Strait net; 16- So. central B,C. troll; 17- No. central
B.C. troll; 18- Fraser gillnet.
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Table 2. Estimated survival
Elwha dams using short-term (scoop trap) and
(coded-wire tag) recovery data.

rates for

coho smolts passing

the
long—-term

Test group

Survival

Scoop trap

estimate(%)

Coded-wire tag

No. 1
No. 2
No. 3
No. 4

Nos. 1, 2 and 3
combined

Nos. 1, 2, 3, and
4 combined

83.9

83.6

81.3

78.5

86.2

84.7

93.8

84.6

90.6

T

89.7

8v.3
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Table 3. Lengths at recovery of Elwha coded-wire tag groups.
Mean Range of
Relesase Tag recovery monthlily
Group date code length(mm) means (mm) (nl
Test no. 4/24/84 5-15-16 626 567-675 53
Test no. 5/8/84 5-15-19 610 540-710 63
Test no. 5/714/84 5-15-18 605 5§55-700 5¢
Test no. 5/29/84 5-15-21 587 541-642 37
Control
no. 1 4725784 5-15-20 659 57T9-730 10
Control
no. 2 5/8/84 5§-15-23 647 565-672 37
Control
no. 3 5/715/84 5-15-22 621 578-750 33
Control
no. 4 5/30/84 5-156-1%T7 612 568-6314 (4]
Time/size
ne. 1 4/20/84 £E-14-32 647 580-669 57
Time/size
ne. 2 5/15/84 5-14-31 613 580-685 59
Time/size
no. 3 6/4/84 5-14-30 601 569-637 78

12
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Appendix. A detailed listing of Elwha coded-wire tag recovery
data arranged in ascending tag code order.
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